Summary The increasing tendency for people to work outside their home community -one of the most striking of modem demographic changes -has relevance to a recent aetiological hypothesis about childhood leukaemia: that a community's immune response to an underlying infection can be disturbed by increases in new social contacts. This was tested in the only 28 former county boroughs in which accurate comparisons of workplace data from the 1971 and 1981 censuses are possible -because their boundaries were left unaltered by the major reorganisation in 1974. After ranking the districts according to extent of commuting increase, a significant trend in leukaemia incidence was found at ages 0-14 (P <0.05) and a suggestive one at ages 0-4 (P = 0.055). Among ten similar sized groups of county districts ranked by commuting increase, the only significant increases (P<0.001) of leukaemia in 1972-85 at ages 0-4 and 0-14 were in the highest tenth for commuting increase. These excesses persisted after excluding Reading, a major part of an area where an excess of leukaemia has been linked to the nearby nuclear establishments at Aldermaston and Burghfield. This whole area has experienced greater commuting increases than 90% of county districts in England and Wales. The findings are consistent with other evidence supporting the above hypothesis; they also suggest that contacts between adults may influence the incidence of leukaemia in children.
A recent hypothesis about childhood leukaemia holds that the transmission of an underlying but unrecognised infection (or infections) may be facilitated by marked increases in levels of new social contacts. This can happen when large numbers of people move into new towns, particularly under conditions of high density and from a variety of origins (Kinlen, 1988; Kinlen et al., 1990) . A notable feature of modern life in Britain is the increasing tendency for people to work in communities away from where they live: commuting has become commonplace. Indeed in certain cities, the number of daily boundary crossings by people travelling to, or from work is equivalent to the total population of those cities. Such journeys and the area of work itself provide opportunities for new contacts that may be relevant to the above infective-based hypothesis. This possibility has therefore been investigated in all the former county boroughs of England and Wales that were left unchanged by the 1974 reorganisations of local authority districts. Only in such areas can comparisons be made of commuting levels across town boundaries in 1981 with those in 1971, using census data for those years. These boroughs include Reading, part of an area of Berkshire and Hampshire where an increased incidence of childhood leukaemia in the period 1972-85 has been reported and had been linked by some to the nearby nuclear establishments at Aldermaston and Burghfield (Barton et al., 1985; Roman et al., 1987) .
Methods
In consequence of the major reorganisation of administrative areas in 1974, the local authority areas in the 1971 and 1981 censuses were generally dissimilar. However, 28 county boroughs became county districts without any boundary change.
For these 28 county boroughs (later county districts) details were abstracted from the census publications of (a)
Received 11 February 1991; and in revised form 11 March 1991. the numbers of residents who worked outside the borough and (b) the numbers of residents of other areas who worked within the borough. The sum of outward and inward movements has been used in census publications for over 50 years and can be regarded as a measure of commuting for the area in question. What seems most relevant to the present hypothesis, however, is the extent of any increase in commuting level between 1971 and 1981 and its possible association with the corresponding local incidence of childhood leukaemia. For each county district, the change in commuting level has been calculated as the level in 1981 minus that in 1971, related to the baseline total population (1971) and expressed as a percentage. Changes in commuting level were also calculated using the mean of the 1971 and 1981 total population.
It could be argued that the measure of commuting change should be related to the group among whom its possible effects are being investigated, namely children. Another set of values was therefore calculated using as the denominator the total person-years of children below age 15 over the period 1972-85 for each district.
The National Registry of Childhood Tumours at the Childhood Cancer Research Group includes children resident in Great Britain and aged under 15 at the time of diagnosis of a malignant neoplasm. The principal sources of ascertainment are the National Cancer Registration Schemes which cover the whole of Britain through a network of regional registries. Children are also ascertained from entries to the Medical Research Council leukaemia trials, from the register of patients treated by members of the United Kingdom Children's Cancer Study Group since 1977 and from death certificates. Over 90% of childhood leukaemias are notified to cancer registries (Stiller, 1985) , and when notifications from others sources are added the ascertainment rate of cases is believed to exceed 95%.
Details were obtained from the National Registry of the numbers of cases of leukaemia at ages 0-4, 5-9 and 10-14 in each of the 28 districts during the periods 1972-75, 1976-80 and 1981-85 . Expected numbers were calculated by applying the corresponding registration rates for these malignancies for England. The denominators for these rates were the population estimates for England for the relevant age groups for each of the years 1972-85, provided by the Office of Population Censuses and Surveys (Wales was excluded because registration is known to be less complete there than in England, and because none of the districts under study is in Wales). 0-4, 5-9, 10-14 and 0-14 together with the ratios of observed to expected numbers for each of the 28 districts, ranked in ascending order of total commuting change. It is striking that the only two (Gloucester and Lincoln) with significant excesses of childhood leukaemia in any age group are among those with the greatest commuting increases, ranking 2nd and 3rd highest respectively. A significant trend with respect to commuting increase (P = 0.05) was found at ages 0-14, and a suggestive trend (P = 0.055)) at ages 0-4.
Results
In Table III The district with the greatest increase in commuting is Reading which forms part of an area of Berkshire and North Hampshire in which an excess of childhood leukaemia had already been recorded. However this district is not solely responsible for the significant excesses in the highest tenth, for they persist after excluding Reading, the observed to expected ratios being as follows: at ages 0-4, 1.77 (P <0.01); at ages 10-14, 2.36 (P<0.01) and ages 0-14, 1.6 (P< 0.001). No other group showed a significant excess either at ages 0-4 or 0-14, but the 2nd, 5th and 7th tenths showed less marked excesses (P<0.05) at ages 10-14. Given the many categories examined, some significant differences would be expected by chance alone. When the groupings were based upon ranking the two alternative commuting measures, increases with similar levels of statistical significance were again found (only) in the highest tenth for commuting increase. These used as denominators respectively, the mean of the 1971 and 1981 populations, and the total children-years at ages 0-14 over the period . In each case, the significant excess persisted after exclusion of Reading.
Several other analyses were carried out to investigate further the reliability of the above relationship. Thus it might be argued that the high incidence of childhood leukaemia in the districts within the highest tenth, far from being related to the recent commuting changes in the 1970s, might be typical of those districts over a longer period. Leukaemia incidence in the study period 1972-1985 was therefore compared within each district to the rates in the preceding period 1962-71. By this method the excesses in group X were greater than previously, being around 2-fold at ages 0-4 and 0-14, as shown in Table IV commuting increase, though not in the entire age group 0-14 (O/E ratio 1.10). The fact that these effects were less striking than the main study period is in keeping with the less marked commuting changes and the shorter period of observation .
Any effect of commuting increase in the 1970s on leukaemia incidence would presumably be most marked in the later part of the study period. The relationship was therefore examined using leukaemia data for the decade 1976-85, and excess was found only with the latter. No relationship was as predicted, the observed to expected ratios were more found with the absolute levels of commuting, either in 1971 marked, the observed to expected ratios at ages 0-4 and (F) or 1981 (G). 0-14 being respectively 2.0 and 1.7 (P<0.001, Table IV,C).
The data for ages 0-4 are shown in Table V (Kinlen, 1988; Kinlen et al., 1990) have been found. Population influxes are far from being the only causes of increased social contact. Wider car ownership, better roads and faster trains now permit many people to live considerable distances from their work, for example in more desirable areas or where housing is less expensive or to avoid moving house. These travel patterns are one of the most striking of modern demographic changes. Information on these patterns is used by central government in defining travel-to-work (employment) areas, which form the basis for determining the allocation of financial aid for new businesses, besides other uses. They have also been the subject of much work by geographers (Lawton, 1968; Hall et al., 1973; Champion et al., 1987, etc) . Inevitably therefore much new contact, both direct and indirect, takes place between people from different communities in their areas of work or in the course of commuting. Thus in 1981 the number of people making daily journeys across Oxford's boundaries to reach their work was equivalent to half (50.5%) of that city's population -or alternatively the daily number of such boundary crossings was equivalent to its total population.
In accord with our hypothesis, the present study finds that in 28 county districts leukaemia incidence both at ages 0-14 and 0-4 shows a significant (positive) trend with increasing commuting change. The increase in not steady, however, and only with the most marked commuting increases is there a significant excess of leukaemia, either in individual (Table II) or grouped county districts (Table III) . It may be noted that the absence of a steady trend is typical of many infectious diseases in which outbreaks or epidemics only occur when the density, or the numbers, of infected and susceptible individuals in a population reaches some critical point specific for the agent in question.
It was recognised at the outset of this study that if a high level of commuting were capable of increasing the incidence of childhood leukaemia, this might well be temporary as in epidemics of most infectious disorders, ending when the number of susceptibles declined below some critical level. Even in 1921 many areas of England and Wales had commuting levels of over 20% (Census of England & Wales, 1927) . None of the districts with the highest commuting levels either in 1971 or 1981 had experienced any marked commuting increases, and this may be the reason for their not showing any excesses of leukaemia (Table IV, F and G) .
When the effects of changes in the commuting-out level (Table IV, D) of the county districts were examined separately from those of commuting-in, only the latter was associated with a significant excess of leukaemia (Table IV, E) . However this difference is of uncertain significance since three of the five districts in the highest tenth for 'commutingin' change also belonged to the highest tenth for total commuting increase.
It is noteworthy that the county district with the greatest increase in commuting is Reading. This is also the only district entirely contained within an area in which an excess of childhood leukaemia had already been observed, arousing concern that it might be related to the nearby nuclear establishments in West Berkshire at Aldermaston and Burghfield (Barton et al., 1985; Roman et al., 1987) . In fact, Reading children represented about half the child-population of that study area. This comprised those wards with half or more of their area within 10 km of these nuclear sites. This area showed a significant increase at ages 0-14 based on 41 cases, in the same period as our study , due to an increase at ages 0-4 (29 observed, 14.42 expected). This excess is not appreciably different in magnitude from the excess found in our study in Reading itself or in group X of total commuting change, excluding Reading. Of the 29 cases aged 0-4, 12 were in Reading and were represented also in our study (O/E ratio 1.74).
It is likely that cases of leukaemia outside Reading but within the West Berkshire excess are also related to commuting increases, for these have occurred markedly throughout this area, much of it lying within so- (Table VI) .
Despite this, however, the increases from 1971 to 1981 in commuting level in those enlarged districts as defined in 1974, places them close (9.1 and 7.6%) to Reading, and within the range of group X in the present study (7.2-10.6%). It may be noted that none of the other four county districts in group X are within 10 km (or even 25 km) of a nuclear installation.
The present hypothesis preceded the collection of both the childhood leukaemia and the commuting data, about which we previously knew nothing except for the recently reported excess of the disease in the Aldermaston-Reading area. The relationship therefore seems unlikely to be due to chance or bias. Another possibility however is that the relationship is indirect, reflecting some leukaemogenic factor that is related in some way to increases in commuting. If so, we have been unable to discover it in the census data for the 28 districts we have subsequently examined with respect to social class, changes in social class, and migration. Similarly, we have not found any distinctive changes in the organisation of schools in the group X districts of Table III (Kinlen, 1988; Langford & Bentham, 1990 (COMARE, 1989) indicate that the tiny amounts of radiation released into the environment from Aldermaston and Burghfield are too small to cause the increased incidence of leukaemia in their vicinity, which they were unable to explain. However, they regarded a hypothesis about disturbances of herd immunity by population mixed as irrelevant because there had been no sudden population influx into a somewhat isolated area as in the first reported test of the idea (Kinlen, 1988) . The present study offers an explanation that is consistent with that hypothesis and with the observations in new towns (Kinlen, 1988; Kinlen et al., 1990) . Moreover it is supported by the finding of similar excesses in areas without nuclear installations but which, like the area around Aldermaston and Burghfield, have recently experienced large increases in commuting levels.
A relevant question is whether the prevalence of any infectious disease has also increased in the districts that have experienced the greatest increases of commuting. Published data are limited to only a few infectious diseases, but none show any clear increase in the highest tenth group (data not shown). However, it may be noted that none of those diseases shows a close similarity to the type of disorder to which childhood leukaemia is postulated as belonging.
These findings are consistent with other evidence about the relevance of increases in social contact to the aetiology of childhood leukaemia. As such they represent further support for an infection-based hypothesis for the disease. More specifically they suggest that these contacts can occur (a) between adults, therefore affecting children only indirectly and (b) not only in the home community (Kinlen et al., 1990) , but also at work or in travelling to work between residents of different communities. These characteristics are far from unique. Meningococci and the polio viruses are examples of agents that can be transmitted not only among children but also among adults and from adults to children. The present study as well as other work (Kinlen, 1988; Kinlen et al., 1990) suggest that, because of their relevance to herd immunity, population dynamics in their widest sense should be considered in communities in which excesses of childhood leukaemia are recorded. In the case of individual-based studies, such effects may not be reliably detected by comparisons of cases with controls drawn from the same community.
